Accelerated aging and eutrophication of water resources is a world menace attributed to influx of nutrient rich sediment from its catchment, resulting in poor water quality and shifts in ecological dynamism. Nyanza Gulf is a paramount source of livelihood, portable water, and of service to the rich biodiversity making it indispensable to the entire Lake Victoria watershed ecosystem. This water resource has been deteriorating over the past decades as a consequent of anthropogenic socio-economical activities. This has effectuated an increase in phytoplankton and hydrophyte colonies. The objective of this study was to track the quality and quantity of sediment inundation into the gulf considering the catchment micro-basins processes and influence of human socio-economical activities. Using Quantum Geographic Information System (QGIS) as an interface to Soil and Water Assessment Tool (SWAT) with input of satellite digital elevation model (DEM), local rainfall, soil and land use data sets were utilized to determine the daily variability in sediment and nutrient loads from five major river basins. The SWAT model was successfully calibrated, and the performance validated with observed hydrological and water quality data. The model achieved identification of seasonal water quality budget filling in knowledge gaps about the catchment. River Nyando, Sondu-Miriu, Awach-Kibuon, Awach-Tende and Kibos discharge sediment loads of 3.91, 1.6, 1.18, 1.06 and 0.78 tons/ha respectively. Total suspended solids (TSS) concentration of up to 578mg/L on average daily is discharged by River Awach-Kibuon. This was associated with intense agricultural activities (>54% of the entire basin) on steep slopes (average 12.97) with Acrisols (15%of the basin) soils that is prone erosion. Poorly managed range-bush land that covers about 10% of this basin also contribute significantly to the TSS yield. River Kibos discharge least TSS concentration of 144.43 mg/L in comparison with other rivers mainly due gentle slope falling into a plain, low The long rainfall season with average regular storm events in March to June yield highest monthly loads as compared to short rainfall season (September to November) with isolated intense storm events over a shorter time. The study depicted poor water quality discharged into the gulf throughout the year by the 5 major basins to be above average of conventional ecological healthy basins.
Introduction
Nyanza (also known as Winam or Kavirondo) gulf forms a cardinal part of larger Lake Victoria basin ecosystem that has been degrading at an alarming rate.
Signs of degradation of its water resource were first visible in early 1980s [1] .
Consequences of this eutrophication have been seasonal occurrence of algal bloom and intensive proliferation of water hyacinths which dates to 1990 [2] [3] .
The weed colonies have a huge threat to the productivity of the gulf negatively affecting socioeconomic wellbeing of the population that depends on it for livelihood. Rapid urbanization along the lake shores and poor land use management under intensive farming have negatively impacted the gulf. Influx of nutrient rich sediment into the lake has increased from both diffuse and point-sources exerting considerable negative effect particularly on the near-shore regions [4] [5]. Between January and March 2004, the persistence of massive phytoplankton blooms in the Nyanza Gulf resulted in a temporary shutdown of the drinking water supply from the lake [6] .
Nyanza Gulf has an area of 1400 km 2 , mean depth 7 m, max. depth 30 m and a 550 km shoreline that is located entirely in Kenya (Figure 1 ) on the northeast of Lake Victoria [7] . The gulf is river-fed embayment by multiple rivers largely arising from the Kenya highlands on East and South East. The water inputs from the catchment combined with the shallow depths of the gulf yield a freshwater renewal time of 3 years in comparison with the 100 years for the larger Lake Victoria [8] . Shallow mean depth, strong winds and a bottleneck opening to the A. W. S. Misigo, S. Suzuki larger lake governs hydrodynamics in the gulf. The nutrient dynamics of Nyanza Gulf are driven by strong currents, eroding the apatite-rich residual rock and remobilizing the buried/store nutrients back into the water column. This result into a eutrophic gulf throughout the annual cycle, with a probable algal peak observed between June and August during complete perturbation [9] . The gulf is semi-enclosed restricting mixing with larger lake consequently responsive to fluvial inputs from its own watershed [10] . An increase in sedimentation and nutrient content in the gulf due to land degradation, surface run-off and soil erosion has been observed throughout the past decades, while a proposed in-A. W. S. Misigo, S. Suzuki World Journal of Engineering and Technology crease of atmospheric deposition remains disputed [3] .
Spatial temporal estimation of sediment and nutrient loads is of crucial interest for a good assessment of water pollution of such vital water resource in identification and mitigation of water quality and biodiversity [11] . Assessing runoff, soil and nutrient loss in a catchment is important for investigation of soil erosion hazards, aquatic shifts and for determining suitable land uses and soil conservation measures. Such information would be key in optimizing benefit from the use of the land whilst minimizing the negative impacts of land degradation. Physical based SWAT model [12] was developed for analyzing effects of naturogenic process and anthropogenic activities on a water resource. The tool quantifies the sediment loss in space and time basing on runoff, soil characteristics, land use and slope to predict water quality, sediment yield and pollution loading in the catchment. SWAT model can be taken as a potential tool for simulation of the hydrology of gauged/ungauged watershed in mountainous areas to address the issues related to water quality and evaluate best watershed management practices [13] . Spatial temporal quantification of the water quality parameters in Nyanza bay was studied by application of this promising physical based distributed SWAT model interfaced in QGIS [12] [14] [15] . The objective was to determine daily discharge of the five (5) 
Methodology

Study Area
Nyanza gulf is in Western Kenya whose watershed lies between 0.25N -1.00S latitudes and 34.0E -36.0E longitudes as shown in Figure 1 . It covers an approximate total drainage area of 12,300 km 
Data Acquisition
The region is covered with three weather stations but only two (2) at Kisii (−00667, +034783) and Kisumu Airport (−00100, +034750) were utilized. Kericho (−00367, +035350) station had a lot of inconsistence data. Daily climate data (rainfall, maximum and minimum temperatures, relative humidity and solar radiation was used as model input and monthly data for the Weather Generator (WGN) Parameters. There are no hydrometric stations in this region. Local detailed Soil data map derived from KENSOTER for studies of carbon stocks [16] was used. The soil data ( 
SWAT Model
SWAT is a river or watershed, spatial model developed to predict the impact of land management practices on water, sediment hydrodynamics, and agricultural chemical yields in large complex watersheds with varying soils, land use, management conditions and weather conditions. The model consists of the following main components: Weather, hydrology, plant growth, nutrients (Nitrogen and Phosphorous based), pesticide, bacteria and land management-SWAT version 2012 [17] . The Model is run in QGIS interface enabling integration of spatial distributed characteristics of the watershed into calculations.
This study focuses mainly on hydrologic component coupled with effects of land use management to determine sediment and nutrient concentration in water of specific rivers discharging into the Gulf. In SWAT, watershed is portioned into sub-basins with a given threshold using DEM, which is further subdivided into Hydrological Response Units (HRUs) with homogeneous soil type, land use and slope [18] . HRUs form basis for water balance calculation utilizing nearest weather station data. Watershed hydrology is calculated in two separate components: land phase and routing phase. The land phase determines the amount of water (surface and base flow), sediment, nutrient and pesticide loading into the A. W. S. Misigo, S. Suzuki route channel in each sub-basin [19] . These hydrologic processes are based on infiltration, percolation, evaporation, plant uptake, lateral flows and groundwater flows including snowfall and snowmelt [14] . Sediment yield is estimated based on Modified Universal Soil Loss Equation (MUSLE) which factors in the surface runoff volume, the peak runoff rate, the area of the HRU, the Universal Soil Loss Equation (USLE) soil erodibility factor, the USLE cover and management factor, the USLE support practice factor, the USLE topographic factor, and a coarse fragment factor. On other hand routing phase defines movement of water, sediments and nutrient loads from each channel network to the outlet. Channel transmission losses, evaporation, return flow etc., are adjusted for estimation of outflow from a channel which is predicted by the Muskingum method [20] . The hydrological balance is simulated by SWAT model according to the equation below [21] .
where: SW t is the final soil water content (mm); SW 0 is the initial soil water content on day i (mm); R day is the amount of precipitation on day i (mm); Q surf is the amount of surface runoff on day i (mm); E a is the amount of evapotranspiration (ET) on day i (mm); W seep is the amount of water entering the vadose zone from the soil profile on day i (mm); Q gw is the amount of return flow on day i (mm). X is the ith simulated value for the constituent being evaluated, avg X is the average/mean of observed data for the constituent being evaluated, and n is the total number of observations. PBIAS (Equation (3)) is a deviation term used to evaluate the accumulation of 
Calibration and Uncertainty Analysis
In this study, model performance for a monthly time and specific day data was judged as satisfactory if NSE > 0.50 and PBIAS = ±25% and graphical analysis that reveals a good agreement between predicted and measured hydrographs (R 2 = 0.6).
Results and Discussion
The capability of a hydrological model to adequately simulate streamflow, sediment and nutrient concentration rely on the precise calibration of its parameters as well as quality input of baseline data sets [24] . Model calibration and validation are indispensable for simulation process in estimating characteristics of a phenomenon that would rather be either impossible or uneconomical for actual study and analysis.
Model Calibration
The Figure 5 . Calibration decreases the uncertainties associated with modelling and provides better estimates of the studied seasonal water qualities in the catchment [25] . Due to lack of consistence in either daily or monthly data available on the concentration of nutrients in these basins, manual calibration was in cooperated to adequately estimate the daily water quality flowing into the Gulf.
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Model Validation
Validity of a model is gauged on how comparable it is to the actual situation of the study area basing on the series observations done over a defined period. Any Table 1) . Despite of few observed water quality data for Awach-Tende river, the model response was quite successful indicating both equivalence and trends in the changes ( Figure 7 and Table 2 ). Its probability of biasness was within good range though higher compared to the other models. during long rains followed by October-November during short rain season.
Total nitrogen and Phosphorous Loads were substantially high in April -May as modeled in Figure 9 & Figure 10 attributed to high precipitation and agricultural activities within the entire catchment. Table 2 . Awach-Tende simulated and observed specific day seasonal sediment and nutrients loads. Figure 9 . Simulated and observed specific day seasonal total nitrogen loads. Figure 10 . Simulated and observed specific day seasonal total Phosphorous loads.
Uncertainty Analysis
In modeling river discharge, sensitive values in each basin were evaluated in parameter estimation process. 
Sediments and Nutrient Yield
Discharge
The model results demonstrate responsiveness between the precipitation and river discharge with similar pattern over the entire study period. [21] . Part of estimated soil eroded particles, flow into the stream leading to increase in water turbidity. Seasonal sediment concentration ( Figure   11 ) in water discharged to Gulf was temporal attributed to changes precipitation and localized factors in individual HRUs. (Table 5 ). 
Conclusion
Spatial-temporal SWAT model used in this study was successfully calibrated and 
